This paper aimed to evaluate the direct and indirect effects of Bt cotton and no Bt cotton on the development and reproduction of the predator Podisus nigrispinus (Dallas). The experiments related to the direct and indirect effects on immature and adult stages of the predator were conducted, respectively, in greenhouse and laboratory of the Embrapa Agropecuária Oeste in Dourados, Mato Grosso do Sul State, Brazil. To evaluate the indirect effects of Bt cotton and non-Bt, larvae of Spodoptera frugiperda (Smith) were fed with these plants and later offered to the predator. To evaluate the direct effect of the Bt cotton and non-Bt, the predator P. nigrispinus was kept in contact with these plants and fed with pupae of Tenebrio molitor (L.). The direct and indirect effects were evaluated by the biological parameters as follows: period of nymphal development, nymphal survival, and duration of pre-oviposition and oviposition periods and longevity of adults (females and males) of P. nigrispinus. It was observed higher period of second instar of P. nigrispinus in Bt cotton, when compared to the development in its isoline non-Bt. All other biological parameters evaluated, have no influence of the Bt cotton plants considering the direct and indirect effects.
Introduction
The cultivation of transgenic plants has increased considerably in recent years in Brazil and the world, and still has potential for expansion due to the innumerable benefits this technology has brought to production systems and the environment. Brazil occupies the second place worldwide with areas planted with these technologies, and is considered a global leader in biotechnological plantations [1] [2] .
Genetically modified plants that contain genes introduced by genetic engineering to control insects, encode Bt proteins from Bacillus thuringiensis Ber- liner, which may have effective insecticidal action on insects, especially from the orders Lepidoptera and Coleoptera [3] . Among the main plant species that express Bt proteins, the cultivation of cotton, soybean and corn crops stand out [4] [5] [6] , with the different groups of Bt proteins being specially directed to the control of defoliator caterpillars in the crops. These proteins or toxins, as they are also called, can be transferred directly or indirectly to other non-target arthropods such as bedbugs, aphids, whiteflies, thrips and mites that are normally insensitive to Bt toxins or even to natural enemies, especially predators and parasitoids [4] [7] . The poisonous effects of Bt toxins on non-target organisms, especially the extent to which these toxins move through the different trophic levels, have been relatively very understudied [8] . [6] found that the Bt Cry1Ac toxin that is used in transgenic cotton cultivars can be transmitted from the aphid Aphis gossypii (Glover) to the predator Propylaea japônica (Thunberg) and change its biology and predation behavior. The acquisition of these toxins by arthropod predators in direct or indirect form of transgenic plants, may or may not cause changes in their biology or predation capacity [9] [10] [11] .
Predators of the genus Podisus (Hemiptera: Pentatomidae) are often found in several agricultural systems, where they act by feeding on various insect species on immature and adult forms [12] [13] . This group of predators can be directly affected by plants that express Bt proteins, when they have the habit of sucking parts of these plants to obtain water and minerals or even indirectly, by feeding on those prey that have previously developed in these transgenic plants [14] [13]. Therefore, it is extremely important to analyze the possible risks arising from the adoption of genetically modified organisms in the agricultural systems environments. These elements of this discussion depend on the availability of consistent scientific information that may or may not explain the poisonous effects of the proteins present in these transgenic materials without special about natural insect-pests enemies such as predators and parasitoids present in agricultural ecosystems [14] . This work aimed to evaluate the direct and indirect effect of Bt cotton and no Bt cotton on the predator P. nigrispinus reproduction and development.
Materials and Methods
The experiments involving the direct and indirect effect of Bt cotton and no Bt cotton plants on the immature and adult stages of the predator P. nigrispinus were conducted respectively in a greenhouse and in the Laboratory of Entomology of the Embrapa Agropecuária Oeste in Dourados/MS.
Seeds of Bt cotton (cv. Bollgard NuOpal®) that expressed the Cry1Ac protein) and of no Bt cotton (cv. Delta-Opal®) were seeded in a 5 L soil capacity polyethylene pots containing a mixture of soil and compost in the proportion of 1:1.
After thinning, only two Bt and no Bt cotton plants were conducted per pot, which were irrigated when necessary.
Direct Effect of Bt Cotton and No Bt Cotton Plants on the Immature And adult Stage of P. nigrispinus
To evaluate the direct effect of cotton plants on the immature stage of P. nigrispinus, predator second instar nymphs, up to 24 hours old, were individualized in the third or fourth cotton leaf developed from the apex of the plant, since this predator has the life style of sucking parts of these plants to obtain water and minerals. The nymphs were kept inside cylindrical PVC cages, measuring 1.5 cm in height and 4 cm in diameter, with the upper part closed with a voile-like fabric and the other basal end in direct contact with the cotton leaf. The nymphs in direct contact with cotton leaves were fed every two days with
Tenebrio molitor (L.) pupae throughout the predator nymph development period, both in Bt cotton and no Bt cotton plants. The PVC cages were monitored daily to register the presence of exuviae (insect skin exchange), the duration and viability of each nymph stage, as well as the duration and total viability of the immature stage of the predator.
Predator adults from breeding during the nymphal stage with T. molitor pupae and in direct contact with both Bt cotton and no Bt cotton were used to evaluate the direct effect of cotton at this stage. For this, 20 predator couples were formed using insects up to 24 hours old, which were confined in cylindrical PVC cages and fixed in the cotton leaves, like it was done for the predator immature stage. T. molitor pupae were offered every two days as prey to the couples throughout the predator adult stage in direct contact with the cotton plants. Every two days, the clusters were removed, and the eggs were counted and conditioned in Petri plates containing cotton soaked in distilled water for the hatching of the nymphs. The pre-oviposition period, oviposition, total fecundity and longevity of adults (males and females) of the predator were evaluated. It was evaluated the duration (days) and nymphal viability (%), the periods of pre-oviposition (PP) and oviposition (PO), the total fertility (FT), the longevity of males (LM) and females (LF), and the fecundity of P. nigrispinus
The experiments were conducted in a completely randomized design, with two treatments (Bt cotton and no Bt cotton), with 30 replicates (PVC cage containing a predator nymph) for the immature stage trial and 20 replicates (PVC cage containing a predator couple) for the predator's adult stage trial.
Indirect Effect of Bt Cotton and No Bt Cotton Plants on the
Immature and Adult Stages of P. nigrispinus Data from both trials (direct and indirect effect on the predator immature and adult stages) were submitted to variance analysis, and when a significant treatment effect was found, the averages were compared by the T test with a 5% level of significance.
Results

Direct Effect of Bt Cotton and No Bt Cotton Plants on the Immature and Adult Stages of P. nigrispinus
It was observed a longer duration for the P. nigrispinus second instar when it was in direct contact with Bt cotton plants compared to the predator development period observed in no Bt cotton (Table 1) . For all other instars, no significant differences were observed for the development periods when the predator was raised in direct contact with Bt cotton or no Bt cotton plants. There was also no significant difference in the viability of the four evaluated predator instars, which presented viability lower than 100% only for the second instar (Table 1) .
Likewise, the pre-oviposition and oviposition periods, the total fecundity and P. nigrispinus adult males and females longevity did not differ when the predator was raised in direct contact with Bt cotton or no Bt cotton ( Table 2 ). The fecundity of P. nigrispinus was also not significantly influenced by the direct contact of the predator with the Bt cotton in comparison to the insect raised in contact with no Bt cotton (Figure 1 ). 
Indirect Effect of Bt Cotton and No Bt Cotton Plants on the Immature and Adult Stages of P. nigrispinus
No significant differences were observed for the duration of all periods of P. nigrispinus nymphs when they were raised on S. frugiperda larvae that had previously been fed on Bt cotton or no Bt cotton plants (Table 3) . Likewise, the viability of the four nymph stages and the longevities of the predator males and females were not influenced when it was raised in caterpillars that previously fed on Bt cotton or no Bt cotton.
Differences between the two treatments evaluated for longevity of P. nigrispinus males and females were not observed either ( Table 4) . As it could be observed, the female longevity was very low, of only 8,0 and 7,4 days in the Bt cotton and no Bt cotton respectively (Table 4) , and, therefore, it was not possible to evaluate the predator's reproduction parameters.
Discussion
Direct Effect of Bt Cotton and No Bt Cotton Plants on the Immature and Adult Stages of the Predator P. nigrispinus
It was observed a longer duration of the P. nigrispinus second instar of development when the insect was kept in direct contact with the Bt cotton plants.
This difference observed for the second instar in the development can be attri buted according to [15] , to the beginning of the predator feeding stage when food may or may not be adequate and make the insect more dependent on the diet previously used. This observation is also reported by [16] who observed that the duration of the first predator P. nigrispinus nymphal stages is influenced by the type of food offered and emphasized that the nymphs can obtain a source of water and nutrients that promote its development from the cotton leaves. This difference in behavior may also justify the lower survival for the predator's second instar in Bt cotton and no Bt cotton, which were 80 and 90%, respectively, while for the other instars it was 100%. Insects, especially from the first instars, may require a period of time to adapt to the new diet, and this adaptation period may interfere with their development period and survival. However, no influence was observed between Bt cotton and no Bt cotton plants on the survival of different stages of predator nymphs ( Table 1 ).
The phytophagy behavior of the predator may indicate improvements in its biological characteristics, such as a better nymphal development. However, although the predator receives the direct effect of the plants on their biological characteristics, it can't develop in the absence of prey [15] . Therefore, It can't be affirmed that this effect on the nymphal development period is due to the acquisition of the Cry1Ac toxin by the predator in the plant through the suction of it in search of water or nutrients. Although, the development and reproduction may be affected, due to ingestion of some poisonous substances present in these resistant plants [17] . It has been found in several works that the Cry1Ac protein can be detected in the body of non-target arthropods. However, these toxins have low or no effect on the biological parameters of these predators [8] [13]
[18], corroborating the results of this work.
Indirect Effect of Bt Cotton and No Bt Cotton Plants on the Immature and Adult Stages of the Predator P. nigrispinus
For the indirect effect of the Bt cotton and no Bt cotton plants on P. nigrispinus, no significant differences were observed for instars duration and for the total nymphal development period of the predator. However, the longevity of adults was significantly lower when compared to the longevity of the adults obtained in the direct effect experiment. [19] also observed a negative effect on longevity, reproduction and viability of P. nigrispinus when the predator fed on prey fed on Bt cotton plants. This low longevity in the indirect effect experiment was probably due to the food quality provided to the predators, since in the first case (direct effect) T. molitor pupae were offered, while in the second experiment (indirect effect) were offered S. frugiperda caterpillars fed on transgenic and no Bt cotton leaves were offered. According to [9] the prey feeding on plants expressing Bt protein, has nutritional deficiency when ingesting transgenic tissue, as may have occurred with the S. frugiperda caterpillars of this work. Consequently, the predator feeding on this prey with low nutritional quality had its metabolism affected, impairing its reproduction and longevity, although it was not verified in the present study that these toxins had an effect on the predator biological parameters. [20] found that the predator Cycloneda sanguinea (Linnaeus) presented lower larval stage duration and greater adult longevity when raised on A. gossypii that had been fed on Bt NuOPAL cotton cultivars, compared to the aphid developed in no Bt cotton. [21] , studying the lethal or sub-lethal effects of toxins on the predator C. sanguinea, found that the Cry1Ac toxin, alone or in combination with the Cry1F toxin, had no effect on the predator with the concentrations tested under laboratory conditions, agreeing with the results of this work. On the other hand, [20] It should be considered that the action of Bt cotton and no Bt cotton on P. nigrispinus adults in both the direct and indirect effect trials were cumulative and also due to the action of these plants on the predator immature stage, since the adults used in the trials were originated from the respective Bt cotton and no Bt cotton breeds. It is expected that with the predator's development there is a concentration of the Bt toxin in its body, since they are bred in prey that have developed in Bt cotton plants, as already observed in other works [7] [8].
Unlike the direct effect of the cotton on the predator, the lowest viability of nymphs in the indirect effect trial was observed for the last stages of development, reaching 63.3 and 60%, respectively, of viability for the fifth instar in the Bt cotton and no Bt cotton (Table 3) . This lower viability observed in the last nymphal stages could be due to the accumulation of Bt toxin in the body of the predator, although this analysis was not performed for this hypothesis to be confirmed. However, predators bred on prey that fed on no Bt cotton have also reduced viability in the last nymphal instars, which reinforces the thesis that the predator feeding on this prey with poor nutritional quality probably affected the predator's metabolism and longevity.
Considering all the evaluated biological parameters of P. nigrispinus both for the direct or indirect effect of the Bt cotton and no Bt cotton, it can be inferred that, generally speaking, the Bt cotton plants, that express the Cry1Ac toxin, has no interference with the predator's biology and reproduction. Other studies in the literature studying the indirect effect of corn, soybean or Bt cotton showed that Bt plants, also had no effect on the biology and behavior of the predators studied [3] 
Conclusion
Biology and reproduction of P. nigrispinus are not influenced when this predator is maintained in direct or indirect contact with Bt cotton plants expressing the Cry1Ac toxin.
